Introduction
The Common Muon and Proton Apparatus for Structure and Sprectroscopy, COMPASS [1] is a fixed-target experiment operated at CERN's Super Proton Synchrotron. The aim is to study the structure and spectrum of light hadrons. Being the lightest meson, the pion is of special interest as it is the fundamental particle in low-energy QCD described within the framework of chiral perturbation theory. For non-point-like particles the electric and magnetic polarizabilities α π and β π are fundamental quantities describing the behavior of the particles electromagnetic fields. For these values exist precise expectations from chiral perturbation theory [4] .
Primakoff reactions
Due to the short life-time of the pion it is impossible to prepare a pion target which the photons may scatter off. One possibility to study pion-photon scattering processes is to use highly relativistic pion beams on nuclear targets, as has been proposed by Henry Primakoff [2] . In these processes the charged pion scatters off quasi-real photons stemming from the strong electromagnetic field surrounding heavy nuclei. The density of these quasi-real photons can be described using the Weizsäcker-Williams approximation [3] in which the cross-section can be written as
where m π is the mass of the pion, s the center-of-mass energy of the πγ-system and α em the finestructure constant with a value of about 1/137. Q min , the minimal four-momentum transfer is a quantity determined by the reaction kinematics and given by the formula
F eff is the nuclear form factor and σ πNi is proportional to the squared nuclear charge Z 2 . For the extraction of the pion polarizability we consider the case of pion Compton scattering π − γ → π − γ which is related by Eq.2.1 to the process π − Ni → π − γ Ni. The polarizabilities enter the πγ crosssection as given by.
where z ± is given by 1 ± cos θ cm respectively and the θ cm is the scattering angle of the pion in the center-of-mass system.
Measurement at COMPASS
For this measurement COMPASS uses a beam of negatively charged hadrons consisting mainly of π − . A kaon contamination of about 3% is rejected using particle identification by Cherenkov counters installed at the end of the beam line in front of the target. The pions impinge on a 3 mm thick nickel disk. The reaction π − Ni → π − γ Ni is identified by selecting events with one outgoing charged track and one cluster in the electromagnetic calorimeter having an energy E γ above 80 GeV. Taking into account the resolution of the electromagnetic calorimeter the reaction is required to be exclusive by cutting on the energy balance ∆E = E beam − E γ − E π < 15 GeV figure  1c . The remaining non-exclusive background originates mainly from processes having one π 0 in the final state, where one of the photons from the decay π 0 → γγ is not reconstructed. This can be seen from the remaining ρ − (770) peak in the invariant mass distribution. The cross-section for quasi-real photon exchange diverges as with decreasing four-momentumtransfer Q as given by Eq. 2.1. Using this property Primakoff events are selected by applying a cut on the squared four-momentum transfer of Q 2 < 0.0015 (GeV/c) 2 . This also effectively suppresses contributions from diffractive processes, where the interaction probability drops approximately linearly with Q 2 . In order to illustrate the momentum-transfer distribution, the quantity |Q| = |Q 2 | is shown in Fig. 1a . In order to achieve the experimental resolution necessary to identify this process, special care was taken to properly align the vertex detectors as well as to properly calibrate the electromagnetic calorimeter. At very low scattering angles multiple scattering dominates. In order to select only events where the interaction vertex can be properly determined, a cut on the transverse outgoing momentum of the pion w.r.t to the beam is applied p T > 40 MeV/c. By using the approximation α π = −β π the ratio of the Born cross-section, which describes a point-like particle and the cross-section taking into account the polarizability contribution inte-grated over the considered range of four-momentum transfer reduces to a simple formula depending only on the value
Applying this formula to our measurement requires the description of the cross-section for a pointlike spin-0 particle. For that the x γ -distribution is taken from a Monte Carlo simulation. The ratio between the measured π − -spectrum and the simulation is depicted in figure 2 . A polarizability value of α π = (1.9 ± 0.7 stat ) · 10 −4 fm 3 is extracted by fitting Eq. 3.1 to this spectrum.
In order to check systematic effects on the measurement COMPASS takes advantage of the possibility to easily change from hadron to muon beam. For muons, which are point-like particles, the polarizability is zero and so a measured "false polarizability" value for muons gives an estimate of the systematic uncertainties stemming from the Monte Carlo description of the experiment. The extracted uncertainty on the polarizability according to this procedure is ±0. Table 1 : Systematic uncertainties estimated on 68 % confidence level systematic uncertainty from the applied background subtraction procedure is estimated to be of the order of ±0.4 · 10 −4 fm 3 . One additional contribution of background, which is not yet taken into account, is the scattering of the pions on the electrons of the target, which then loose their energy by photon emission and are therefore missidentified. The systematic effect due to this process is estimated as ±0.2 · 10 −4 fm 3 . All given systematic uncertainties are summarized in table 1. Adding up these contributions quadratically yields a total systematic uncertainty ±0.8 · 10 −4 fm 3 which in conclusions leads to a preliminary result of the pion polarizability of
Conclusion
The COMPASS result based on the Primakoff technique is in tension with previous measurements of the pion polarizability as shown in figure 3 . In contrast it is in good agreement with the theoretical value from chiral perturbation theory.
In order to further improve the experimental precision COMPASS has taken a bigger data set during the 2012 run. The experimental approach to this data is similar and will allow an independent extraction of α π and β π . Furthermore identifying the kaon contribution in the beam will allow to extract the polarizability value for kaons as well. Figure 3 : Overview of the world data for the value α π −β π including the COMPASS data a) and an ideogram for the same data as given in the PDG [5] where the value indicated with GIS corresponds to the prediction of chiral perturbation theory [4] . For a detailed discussion of the experimental points refer to [6] .
